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(54) Meltbiowing method and apparatus 



(57) A meltbiowing method and apparatus for dis- 
pensing an adhesive through a plurality of first orifices 
(1 2) of a die assembly (1 0) fabricated from a plurality of 
laminated members to form a plurality of laminated 
members to form a plurality of adhesive flows (F11 , F12) 
at a first velocity, and dispensing air through a plurality 
of second orifices (14) in the die assembly (10) to form 
a plurality of airflows (F2) at a second velocity. The plu- 
rality of first (12) and second (14) orifices arranged in 
an alternating series so that each of the plurality of first 



orifices (12) is flanked on substantially opposing sides 
of a plurality of second orifices (14), wherein the plurality 
of first and second orifices (1 2, 1 4) are oriented to direct 
non-convergently the plurality of adhesive flows (F11, 
F12) and the plurality of air flows (F2). The plurality of 
adhesive flows (F1 1 , Fl 2) are drawn and attenuated by 
the plurality of air flows (F2) at the second velocity great- 
er than the first velocity of the plurality of adhesive flows, 
wherein the plurality of adhesive flows are attenuated to 
form a plurality of adhesive filaments useable for the 
production of bodily fluid absorbing hygienic articles. 
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Description 

The invention relates generally tome Itblowing proc- 
esses and to die assemblies for practicing meltblowing 
processes, and more particularly to die assemblies with 
a plurality of adhesive dispensing orifices flanked on 
each side by air dispensing orifices, wherein adhesive 
flows from the plurality of adhesive dispensing orifices 
are drawn stretched and elongated, subsequently re- 
ferred to as "attenuated", by relatively high velocity, high 
temperature air flows from the air dispensing orifices to 
form adhesive filaments. 

Meltblowing is a process of fonning fibers or fila- 
ments by drawing and attenuating a first fluid flow, like 
molten thermoplastic, with shear forces from an adja- 
cent second fluid flow, like heated air, at high velocity 
relative to the first fluid flow. These meltblown filaments 
may be continuous or discontinuous, and range in size 
between several tenths of a micron and several hun- 
dreds of microns depending on the meltblown material 
and requirements of a particular application. The appli- 
cations for meltblowing processes include, among oth- 
ers, the formation of nonwoven fabrics and the dispens- 
ing of meltblown adhesive materials for bonding sub- 
strates in the production of a variety of bodily fluid ab- 
sorbing hygienic articles like disposable diapers and in- 
continence pads, sanitary napkins, patient underlays, 
and surgical dressings. 

US-A-5, 145,689 describes an elongated die as- 
sembly including a triangular die tip defined by converg- 
ing surfaces that form an apex with a plurality of orifices 
arranged in a series therealong. A continuous air pas- 
sage formed by air plates disposed along and spaced 
apart from the converging surfaces of the die tip directs 
converging sheets of high temperature, high velocity air 
along the converging surfaces of the die tip toward the 
apex where the high velocity air draws and attenuates 
polymer flows dispensed from the plurality of orifices. 
US-A-5, 145,689 also discloses an actuatable valve as- 
sembly located upstream of the plurality of orifices to 
selectively control the polymer flow to the orifices in the 
die tip. 

The inventors of the present invention recognize 
that compressing and heating air required for forming 
meltblown adhesives and other filaments is an expen- 
sive aspect of the meltblowing process. The inventors 
recognize also that drawing and attenuating fluid dis- 
pensed from a series of orifices in a die with converging 
air flow sheets disposed along opposing sides of the se- 
ries of orifices is an inefficient configuration for melt- 
blowing processes that require substantial amounts of 
compressed air, which is costly. More specifically, a sub- 
stantial portion of each air sheet contributes very little 
to the meltblowing process since only those portions of 
the air sheet proximate the opposing flanking sides of 
the Individual fluid flows has any significant affect on the 
drawing and attenuation of the dispensed fluid. Also, on- 
ly the shear component of the converging air flow 



sheets, which is parallel to the dispensed fluid now di- 
rection, contributes to the drawing and attenuation of the 
dispensed fluid. The compressive component of the 
converging airflow sheets, which flows perpendicular to 

5 the dispensed fluid flow direction, does not contribute to 
the drawing and attenuation of the dispensed fluid. The 
inventors recognize further that maximizing the shear 
component of the air flow will maximize the rate at which 
the meltblown material is drawn and attenuated and re- 

10 duce the required amounts of compressed air, which re- 
sults in reduced production costs. 

The inventors of the present invention recognize 
that any residual fluid along a fluid supply conduit be- 
tween an actuatable fluid supply control valve and a fluid 

^5 dispensing orifice has a tendency to continue to flow 
from the fluid dispensing orifice after the fluid supply has 
been terminated. In applications that require accurate 
dispensing of a meltblown fluid including the application 
of meltblown adhesives onto substrates, however, any 

20 continued fluid flow from the fluid orifice after the fluid 
supply is terminated is highly undesirable. The inventors 
recognize also that it is necessary in many meltblown 
adhesive applications, including the manufacture of 
bodily fluid absorbing hygienic articles, to uniformly pro- 

25 duce and apply the meltblown filaments. More specifi- 
cally, it is necessary to apply a consistent layer of melt- 
blown material onto a substrate or other surface and to 
produce a well defined interface or boundary between 
areas covered and areas not covered by the meltblown 

30 material. In the production of bodily fluid absorbing hy- 
gienic articles, for example, accurate control over the 
application of meltblown adhesives onto specific areas 
of a substrate is absolutely necessary since only desig- 
nated portions of the substrate require bonding whereas 

35 other areas either do not require bonding or are discard- 
ed as waste. 

The inventors of the present invention recognize 
further that prior art manufacture and fabrication of melt- 
blowing dies limits the scope meltblowing applications 

40 for which the dies may be used. More specifically, many 
meltblowing dies require precision machining tech- 
niques to fabricate the often very small diameter fluid 
dispensing orifices and other features of the die. For 
some applications the die fabrication requirements are 

45 at the limits of existing technologies, and in many other 
applications the die fabrication requirements are cost 
prohibitive. 

In view of the discussion above among other con- 
siderations, there exists a demonstrated need for an ad- 
50 vancement in the art of meltblown processes and appa- 
ratuses for practicing meltblowing processes. 

It is therefore an object of the invention to provide 
novel meltblowing methods and novel apparatuses for 
practicing meltblowing methods that overcome prob- 
55 lems in the prior art. 

It is also an object of the invention to provide novel 
meltblowing methods and apparatuses that are eco- 
nomical and useable for applying meltblown adhesives 
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onto substrates in the production ot bodily fluid absorb- 
ing hygienic articles. 

It is another object ot the invention to provide novel 
meltblowing methods and apparatuses that reduce 
amounts of fluid required for forming mettblown fila- 
ments, and in particular for reducing amounts of air re- 
quired for drawing and attenuating meltbiown adhesive 
filaments. 

It is another object of the invention to provide novel 
meltblowing methods and apparatuses for eliminating 
residual fluid flow from fluid dispensing orifices of a body 
member after terminating fluid supplied to the orifices. 

It is another object of the invention to provide novel 
meltblowing methods and apparatuses for controlling 
application of meltbiown filaments, and more particular- 
ly for selectively controlling dispensed fluid mass flow 
rates, and for selectively controlling dispensed fluid vac- 
illation parameters, and for selectively controlling pat- 
terns of meltbiown filaments applied onto a substrate in- 
cluding edge definition of the meltbiown filaments. 

It is yet another object of the invention to provide a 
novel meltblowing die assembly comprising a plurality 
of laminated members for distributing first and second 
fluids to corresponding first and second orifices ar- 
ranged in an atternating series, wherein each of the first 
orifices is flanked on both substantially opposing sides 
by one of the second orifices, and wherein the first and 
second fluid flows are directed substantially non-con- 
vergently. 

It is still another object of the invention to provide a 
novel meltblowing die assembly comprising a plurality 
of laminated members or plates for distributing first and 
second fluids to corresponding first and second orifices 
arranged in an alternating series of first and second or- 
ifices, wherein each first orifice and a second orifice dis- 
posed on both substantially opposing sides of the first 
orifice form an array of fluid dispensing orifices, and 
wherein a plurality of at least two arrays are arranged 
either collinear. or parallel, or non-parallel to each other 
in the meltblowing die assembly. 

It Is another object of the invention to provide a nov- 
el meltblowing die assembly mountable on a die adapter 
assembly which supplies fluids to the die assembly, 
wherein a plurality of at least two die adapter assemblies 
are arranged adjacently to form an array of adjacent die 
assemblies. 

These and other objects, features and advantages 
of the present invention will become mole fully apparent 
upon consideration of the following 

Particular embodiments of a method and apparatus 
in accordance with this invention will now be described 
with reference to the accompanying drawings; in which: - 

FIG. 1 is a diagrammatic view of an exemplary melt- 
blowing process according to one aspect of the 
present invention; 

FIG. 2a is a partial sectional view of a meltblowing 
die for practicing meltblowing processes according 



to several other aspects of the present invention ; 
FIG. 2b is a perspective view of a meltblowing die 
having a plurality of arrays of fluid dispensing orific- 
es arranged in configurations according to several 
5 exemplary embodiments of the invention, wherein 
each array includes a first orifice flanked on both 
substantially opposing sides by a second orifice; 
FIGS, 3a-3s represent individual plates of a die as- 
sembly or body member according to an exemplary 
10 embodiment of the invention; 

FIGS. 4a-4f represent a partial exploded view of an 
exemplary die assembly or body member compris- 
ing several individual plates of FIGS. 3; 
FIG. 5 Is a perspective view of an exemplary par- 
's tially assembled die assembly comprising several 
individual plates of FIG. 3; 
FIG, 6 is a partial perspective view of a portion of 
an exemplary die assembly comprising several in- 
dividual plates of FIG. 3; and, 
20 FIG. 7 represents a partial perspective view of an 
exemplary die adapter assembly for coupling with 
the exemplary die assemblies of FIGS. 3-5. 

FIG. 1 is a diagrammatic view of a meltblowing proc- 

25 ess or method wherein a first fluid Is dispensed to form 
a fluid flow F1 at a first velocity and a second fluid is 
dispensed to form separate second fluid flows F2 at a 
second velocity along substantially opposing flanking 
sides of the first fluid flow Fl . According to this config- 

30 uration, the first fluid flow F1 is located between the sep- 
arate second fluid flows F2, wherein the substantially 
opposing sides of the first fluid flow Fl are each flanked 
by the second fluid flows F2 to form an array of fluid 
flows as shown in FIG. 1. The second velocity of the 

35 second fluid flows F2 is greater than the first velocity of 
the first fluid flow Fl so that the second fluid flows F2 
draw and attenuate the first fluid flow Fl to form a first 
fluid filament FR The length of the arrows Fl and F2 is 
Indicative of. though not proportional to, the relative ve- 

40 locities therebetween. The first fluid flow Fl and the sec- 
ond fluid flows F2 are directed generally non-conver- 
gently. FIG. 1 shows the first fluid flow Fl and flanking 
second fluid flows F2 directed in parallel, which maxi- 
mizes the drawing effect of the shear component of the 

45 second fluid flows F2 on the first fluid flow Fl . In other 
embodiments, however, it may be advantageous to di- 
vergently direct the first fluid flow Fl and the second fluid 
flows F2 to control application or dispensing of the fluid 
filament FF without substantially adversely affecting the 

50 shear component of the second fluid flows F2 available 
for drawing the first fluid flow F1 . 

The method may be practiced, more generally, by 
dispensing the first fluid to form a plurality of first fluid 
flows Fl at the first velocity and dispensing the second 

55 fluid to fomn a plurality of second fluid flows F2 at the 
second velocity, wherein the plurality of first fluid flows 
Fl and the plurality of second fluid flows F2 are arranged 
in an alternating series so that each of the plurality of 
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first fluid flows F1 is flanked on substantially opposing 
sides by one of the plurality of second fluid flows F2. 
According to this configuration, each of the plurality of 
first fluid flows F1 in the alternating series has one of 
the plurality of second fluid flows F2 on substantially op- 
posing sides of the first fluid flow F1 . The second velocity 
of the plurality of second fluid flows F2 is greater than 
the first velocity of the plurality of first fluid flows F1 so 
that the plurality of second fluid flows F2 draws and at- 
tenuates the plurality of first fluid flows F1 to form a plu- 
rality of first fluid filaments FF. The plurality of first fluid 
flows F1 and the plurality of second fluid flows F2 along 
the substantially opposing flanking sides of the first fluid 
flows F1 are directed generally non-convergently as dis- 
cussed above. According to this nnode of practicing the 
invention, the arrangement of the plurality of first and 
second fluid flows in an alternating series utilizes rela- 
tively effectively the shear component of the plurality of 
second fluid flows F2 for drawing and attenuating the 
plurality of first fluid flows F1 to form the plurality of first 
fluid filaments. 

FIG. 1 shows the first fluid flow F1 including the first 
fluid filament FF vacillating under the effect of the flank- 
ing second flu id flows F2, which vacillation is attributable 
generally to instability of the fluid flows. The first fluid 
flow vacillation is characterizeable generally by an am- 
plitude parameter and a frequency parameter, which are 
variable. The vacillation may be controlled, for example, 
by varying a spacing between the first fluid flow F1 and 
one or more of the flanking second fluid flows F2, or by 
varying an amount of one or more of the second fluid 
flows F2, or by varying a velocity of one or more of the 
second fluid flows F2. The frequency parameter of the 
vacillation is controlled generally by varying a velocity 
of the second fluid flows F2 relative to the velocity of the 
first fluid flow F1 . The amplitude of the vacillation is con- 
trolled generally by varying a spacing between the first 
fluid flow Fl and the second fluid flows F2, or by varying 
the flow volummes or quantity of the second fluid flows 
F2. The symmetry of the vacillation is controlled gener- 
ally by varying one of the second fluid flows F2 relative 
to the other of the second fluid flows F2. Control over 
vacillation symmetry is an effective means for control- 
ling the edge profile or edge definition of the first fluid 
filament in some applications as further discussed be- 
low. These methods for controlling vacillation parame- 
ters of the first fluid flow F1 are also applicable to con- 
trolling vacillation parameters of a plurality of first fluid 
flows and the corresponding plurality of first fluid fila- 
ments. 

FIG. 2a is a partial sectional view of an exemplary 
meltblowing die or body member 10 for practicing proc- 
esses according to the present invention. Generally the 
first fluid is dispensed from a first orifice 1 2 of the body 
member to form the first fluid flow Fl, and the second 
fluid is dispensed from second orifices 14 to form sep- 
arate second fluid flows F2 flanking substantially oppos- 
ing sides of the first fluid flow Fl to form an orifice array 



30, one of which is referenced in FIG. 2b. More gener- 
ally, the body member 10 may include a plurality of first 
orifices 1 2 each flanked on substantially opposing sides 
by one of a plurality of second orifices 14 to form the 

s alternating series of first and second fluid flows dis- 
cussed above. And still more generally, the body mem- 
ber 10 may include a plurality of at least two arrays of 
orifices each formed by a first orifice and second orifices 
on substantially opposing, sides of the first orifice. FIG. 

10 2b, for example, shows a body member 10 having plu- 
rality of at least two orifice arrays 30 in a several exem- 
plary configurations. According to one configuration, a 
common surface 11 of the body member 10 includes a 
first orifice array 32 and a second orifice array 34 ar- 

15 ranged in parallel, though not necessarily collinear, to 
provide staggered first fluid filaments FF that vacillate 
in substantially parallel planes, only one of which is 
shown for clarity. In a more particular configuration, the 
fluid filaments FF produced by the staggered orifice ar- 

20 rays 32 and 34 may be controlled to overlap slightly. In 
another configuration, one orifice array 36 is oriented at 
an angle relative to one of the other orifice arrays 32 or 
34 to provide first fluid filaments FF that vacillate in in- 
tersecting planes as shown. And in another configura- 

25 tion, one or more orifice arrays 30 and 38 are located 
on other surfaces 1 3 and 1 9 of the body member 1 0 rel- 
ative to other orifice arrays 32, 34, and 36 to provide a 
three dimensional fluid filament distribution. These ex- 
emplary basic configurations may also be combined to 

30 produce still other configurations. 

FIG. 2a shows one of the second orifices recessed 
in an aperture 15 of the body member 10 relative to the 
first orifice 12. According to this configuration, the re- 
cessed second orifice 14 prevents upward migration of 

35 first fluid flow from the first orifice 12 into the second 
orifice 14 to prevent obstruction thereof. In one embod- 
iment, both of the plurality of second orifices 1 4 on each 
substantially opposing side of the first orifice 12 is re- 
cessed relative to the first orifice 1 2. FIG, 2 also shows 

40 the aperture 1 5 having an increasing taper extending 
away from the second orifice 14, which forms a tapered 
aperture 17. According to this alternative configuration, 
the tapered aperture 17 prevents upward migration of 
first fluid flow Fl from the first orifice 12 into the second 

45 orifice 1 4. as discussed above. The tapered aperture 1 7 
also modifies the second fluid flow F2, for example, by 
broadening or increasing the cross sect tonal area of the 
second fluid flow F2. In another embodiment, both of the 
plurality of recesses 15 on substantially opposing Sides 

50 of the first orifice 12 has an increasing taper to form a 
tapered aperture 17 as discussed above. Generally, the 
first and second orifices 12 and 14 of the body member 
10 may have any cross sectional shape including circu- 
lar, rectangular and generally polygonal shapes. 

55 In one mode of practicing the invention shown in 
FIG. 2a. a high pressure zone 1 6 is generated proximate 
an output of the first orifice 1 2 with converging separate 
third fluid flows F3 to block residual first fluid flow from 
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the first orifice 12 after a first fluid supply has been ter- 
minated. According to this aspect of the invention, the 
converging third fluid flows F3 are couvergently directed 
from either the same side or from opposing sides of the 
series of first and second fluid flows F1 and F2 so that 
the converging third fluid flows F3 meet to form the high 
pressure zone 16 proximate the output of the first orifice 
12. Alternatively, the high pressure zone 16 may be 
formed by deflecting or othenwise converging the sec- 
ond fluid flows F2, wherein the deflected second fluid 
flows F2 form the converging third fluid flows F3. In the 
preferred configuration, the converging third fluid flows 
F3 that form the high pressure zone 16 proximate the 
output of the first orifice 12 do not have a component of 
third fluid flow F3 in the direction of the first fluid now F1 
to ensure that residual first fluid flow is blocked. This 
process of coaverging third fluid flows F3 to form high 
pressure zones 1 6 proximate the first orifice 1 2 fcr block- 
ing residual first fluid flow after the first fluid supply has 
been terminated is also applicable to blocking residual 
first fluid flow from each of a plurality of first orifices, 
wherein a corresponding high pressure zone 16 is gen- 
erated proximate an output of each of the plurality of first 
orifices. 

In another mode of practicing the invention shown 
in FIG. 2a, separate first fluid flows F11 and F12 are 
formed from the first orifice 12 by dispensing the first 
fluid through an increasing aperture 18 of the first orifice 
1 2 and drawing the first fluid flow with the separate sec- 
ond fluid flows F2 at a second velocity greater than the 
first velocity of the first fluid flow, wherein the separate 
first fluid flows F11 and F12 form corresponding sepa- 
rate first fluid filaments. According to this aspect of the 
invention, the flanking second fluid flows F2 create cor- 
responding low pressure zones on substantially oppos- 
ing sides of the first fluid flow which tend to separate the 
first fluid flow emanating from the increasing aperture 
18 of the first orifice 1 2. This process is also applicable 
to forming separate first fluid flows from one or more of 
a plurality of first orifices of a body member wherein a 
corresponding one or more of the first orifices 12 has an 
increasing aperture IS as discussed above. 

Another mode of forming separate first fluid flows 
F1 1 and F1 2 from the first orifice 1 2 includes generating 
a high pressure zone 16 proximate an output of the first 
orifice 1 2 with converging fourth fluid flows and drawing 
the first fluid flows F1 1 and F1 2 with the separate second 
fluid flows F2 at a second velocity greater than the first 
velocity of the first fluid flow, wherein the separate first 
fluid flows F11 and F12 form corresponding separate 
first fluid filaments. According to this aspect of the in- 
vention, the fourth fluid flows may be convergently di- 
rected from opposing sides of the series formed by the 
first and second fluid flows, or the array, so that the con- 
verging fourth fluid flows meet to form the high pressure 
zone 16 as discussed above. The flrst oriflce 12 does 
not require an increasing aperture IS for practicing this 
alternative aspect of the invention, which is also appli- 



8 

cable to forming separate first fluid flows from each of a 
plurality of first orifices of a body member wherein a cor- 
responding high pressure zone 16 is generated proxi- 
mate an output of each of the plurality of first orifices. 

5 According to another aspect of the invention, first 
fluid is dispensed from the plurality of flrst orifices to form 
the plurality of first fluid nows at substantially the same 
mass flow rate, and second fluid is dispensed from the 
plurality of second orifices to form the plurality of second 

^0 fluid flows at substantially the same mass flow rate. Ac- 
cording to a related aspect of the invention, the mass 
flow rates of one or more of the plurality of first fluid flows 
is controllable by varying either or both the size of the 
corresponding first orifice 12 and the fluid pressure 

^5 across the corresponding first orifice 12, wherein the 
corresponding one or more first fluid flows have different 
mass flow rates. The mass flow rates of one or more of 
the plurality of second fluid flows is similarly controllable. 
And according to a related aspect of the invention, the 

20 meltb lowing die or body member having a plurality of 
arrays or a plurality of first orifices and a plurality of sec- 
ond orifices arranged in an alternating series, as dis- 
cussed above, also includes a first means for substan- 
tially uniformly distributing first fluid supplied to one or 

'25 more of the plurality of first orifices 12 to form the plu- 
rality of first fluid flows F1 at the first velocity and at sub- 
stantially the same mass flow rate, and a second means 
for substantially uniformly distributing second fluid sup- 
plied to one or more of the plurality of second orifices 

30 14 to form the plurality of second fluid flows F2 at the 
second velocity and at substantially the same mass flow 
rate. According to this aspect of the invention, the dis- 
pensing of the plurality first fluid filaments formed by 
drawing and attenuating the plurality of first fluid flows 

55 from the plurality of first orifices of the die assembly may 
be controlled by controlling the distribution of first fiuid 
to the plurality of first orifices 12. 

In FIGS. 3, 4 and 5, the exemplary die assembly 
100 comprises a plurality of laminated members or 

40 plates. The plates of FIG. 3 are assembled one on top 
of the other beginning with the plate in FIG. 3a and end- 
ing with plate 3s. TTie plates of FIGS. 3f-3k correspond 
to the plates in FIGS. 4a-4f, respectively, and the plates 
of FIGS. 3f-3l corresponds to the assembly of FIG. 5, 

<s which shows an alternating series of the plurality of first 
and second orifices 110 and 120 as discussed above. 
The first and second fluids supplied to the die assembly 
100 are distributed to the plurality of first and second 
orifices 110 and 120 as follows. The first fluid is supplied 

50 from a first restrictor cavity inlet 1 32 in the plate of FIG 
3f. also shown in FIG. 4a, to a first restrictor cavity 1 30 
in the plate of FIG. 3g, also shown in FIG. 4b, through 
a plurality of passages 1 34 in the plate of FIG. 3h. also 
shown in FIG. 4c. and into first accumulator cavity 140 

55 In the plate of FIG. 3i. also shown in FIG. 4d, where the 
first fluid is accumulated. The first fluid Is then supplied 
from the accumulator cavity 140 through a plurality of 
passages 1 36 in the plate of FIG. 3j, also shown in FIG. 
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4e. to a plurality of first slots 109 In the plate of FIG. 3k, 
also shown in FIG. 4f. The plurality of first slots 109 form 
the plurality, of first orifices 110 shown in FIG. 5 when 
the plate of FIG. 3k is disposed between the plate of 
FIG. 3j and the plate of FIG. 31 . The second fluid is sup- 
plied from a second restrictor cavity inlet 152 In the 
plates of FIGS. 3f-3o to a second restrictor cavity 150 
in the plate of FIG. 3o, through a plurality of passages 
135 In the plate of FIG. 3n, and into a second accumu- 
lator cavity 1 60 in the plate of FIG. 3m where the second 
fluid is accumulated. The second fluid accumulated in 
the accumulator cavity 160 is then supplied through a 
plurality of passages 1 37 in the plate of FIG. 31 to a 
plurality of second slots 119 in the plate of FIG, 3k. 

According to another aspect of the invention, the 
first fluid mass flow rate through each of the passages 
1 34 is controlled by varying a size of the passages 1 34. 
In the exemplary embodiment of FIG. 3. the first fluid 
supplied from the first restrictor cavity 1 30 is substan- 
tially uniformly distributed and supplied to the first accu- 
mulator cavity 140 by the plurality passages 134 having 
varying sizes to compensate for decreasing pressure 
along portions of the first restrictor cavity outlet and to 
provide substantially the same first fluid mass flow rate 
through each of the passages 134. The substantially 
uniformly distributed first fluid is accumulated in the first 
accumulator cavity 1 40 and supplied through a plurality 
of passages 1 36 at the first accumulator cavity outlet to 
the plurality of first orifices 110. And the plurality of first 
orifices 110, which are substantially the same size, dis- 
pense the uniformly distributed first fluid to form the plu- 
rality of first fluid flows at the first velocity and at sub- 
stantially the same mass flow rate. Similarly, the second 
fluid supplied from the second restrictor cavity 150 is 
substantially uniformly distributed and supplied to the 
second accumulator cavity 160 by the plurality of pas- 
sages 135 having varying sizes to compensate for de- 
creasing pressure along portions of the second restric- 
tor cavity outlet and to provide substantially the same 
second fluid mass flow rate through each of the passag- 
es 1 35. The substantially uniformly distributed second 
fluid is accumulated in the second accumulator cavity 
160 and supplied through a plurality of passages 1 37 at 
the second accumulator cavity outlet to the plurality of 
second orifices 1 20. And the plurality of second orifices 
1 20, which are substantially the same size, dispense the 
uniformly distributed second fluid to form the plurality of 
second fluid flows at the second velocity and at substan- 
tially the same mass flow rate. 

In altemative embodiments, however, the fluid 
mass flow rates through any one or more of the orifices 
1 1 0 and 1 20 may be selectively varied by varying a size 
of the corresponding orifices. And in an alternative or 
cumulative configuration, the fluid mass flow rate 
through any one or more of the first and second orifices 
1 1 0 and 1 20 may be selectively varied by varying a pres- 
sure across the corresponding orifices. The pressure 
across an orifice may be decreased, for example, by 



10 

forming an additional cavity, which causes a fluid pres- 
sure drop, along the Quid flow path to the selected ori- 
fice. If the die assembly is fabricated from a plurality of 
individual plates as discussed above, the additional cav- 

5 ity or cavities may be formed readily In one of the exist- 
ing plates or in an additional plate. 

FIG, 5 shows the plurality of second slots 11 9, which 
form the plurality of second orifices 120, disposed in a 
recess with a tapered aperture 121 relative to the plu- 

10 rality of first slots 109, which form the plurality of first 
orifices 110. As discussed above, this configuration re- 
duces the tendency of the first fluid flows to migrate from 
the plurality of first orifices 110 back upward and into the . 
plurality of second orifices 1 20 and also modifies the plu- 

15 rality of second fluid flows. To obtain this configuration, 
the plates of FIGS. 3j-3l have corresponding tapered 
slots 121 to provide the tapered aperture when the 
plates of FIGS. 3j-3l are assembled. In alternative em- 
bodiments, however, the plates of FIGS. 3j-31 may have 

20 slot configurations to provide any combination of the first 
and second onfice configurations discussed above with 
respect to FIG. 2a. 

According to another aspect of the invention, the die 
assembly 100 includes a third means for generating a 

25 high pressure zone proximate an output of each of the 
plurality of first orifices 110 with converging third fluid 
flows, wherein the high pressure zone blocks residual 
fluid now from the corresponding first orifice after termi- 
nating a supply of first fluid to the first orifice as dis- 

30 cussed above. And according to a related aspect of the 
invention, the plurality of second fluid flows are diverted 
to forrin the high pressure zones as discussed below 

In the exemplary embodiments of FIGS, 3 and 6, 
the die assembly 1 00 comprises a plurality of laminated 

35 members or plates, wherein the plates of FIGS. 3b-3f 
correspond to plates 502-506 in the partial die assembly 
of FIG. 6, respectively. According to this exemplary con- 
figuration, the third fluid is supplied from a third fluid inlet 
172 extending through the plates of FIGS. 3b-3e into a 

40 first distribution cavity 170 in the plate of FIG. 3e, 
through a plurality of orifices 173 in the plate of FIG. 3d, 
into a cavity 174 in the plate of FIG. 3c, and into a cavity 
176 in the plate of FIG. 3b, The fourth fluid is then sup- 
plied from the cavity 176 through a first plurality of orl- 

45 fices 1 76 in the plate of FIG. 3c, which orifices 1 78 form 
a first component of the converging third fluid flows. The 
third fluid also is supplied from the third fluid inlet 172 
which continues to extend through the plates of FIGS. 
3e-3q into a second distribution cavity 180 in the plate 

50 of FIG. 3q, into a plurality of orifices 183 in the plate of 
FIG. 3r. into a cavity 184 in the plate of FIG. 3s, and into 
a cavity 186 in the plate of FIG. 3t. The fourth fluid is 
then supplied from the cavity 186 through a second plu- 
rality of orifices 188 in the plate of FIG. 3s, which orifices 

55 188 form a second component of the converging third 
fluid flows. The plurality of orifices 173 and 183 have 
various sizes, which compensate for pressure variations 
in the cavities 170 and 1 80 and uniformly distribute and 
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supply the third fluid flow to the cavities 174 and 184. 
respectively. According to this configuration, the con- 
verging third fluid flows are dispensed from the respec- 
tive orifices 178 and 1 88 at substantially the same mass 
flow rate. The third fluid mass flow rate through any one 
or more of the orifices 178 and 188, however, may be 
selectively varied as discussed above. 

According to the exemplary embodiment, the first 
component of the converging third fluid flows emanates 
from the first plurality of orifices 178 and the second 
component of converging third fluid flows emanates 
from the second plurality of orifices 188 converge to 
form a high pressure zone proximate an output of each 
of the plurality of first orifices 110. The converging third 
fluid flows in this exemplary embodiment do not have a 
flow component in the flow direction of the first fluid 
flows, wherein the plurality of high pressure zones are 
useable to stem or block the flow of residual fluid from 
the plurality of first fluid orifices after terminating a first 
fluid supply to the first fluid inlet 132. In another appli- 
cation, the converging third fluid flows are useable to 
form separate first fluid flows as discussed above. 

The exemplary embodiments of the die assembly 
1 00 may be formed of a plurality of plates of substantially 
the same thickness, or alternatively, may be formed of 
a plurality of plates having different plate thicknesses, 
wherein each plate thickness is determined by the size 
of the conduits or cavities defined thereby as shown in 
FIGS. 3-5. The plates may be formed from metals, plas- 
tics, and ceramics among other materials, and the 
plates may be fabricated by stamping, punching, chem- 
ical etching, machining, and laser cutting among other 
processes, which are relatively cost effective alterna- 
tives to the prior art. Further, a die assembly 100 com- 
prising a plurality of plates, as shown in the exemplary 
embodiments, provides considerable design flexibility in 
the configuration of the arrays or orifices, and the fluid 
flow and the distribution paths, which design and fabri- 
cation are not limited by the constraints imposed by prior 
art drilling processes. The plates of the present die as- 
sembly, for example, may be readily fabricated to pro- 
duce die assemblies having configurations based on 
one or more of the exemplary configurations of FIG. 2b- 

According to another aspect of the invention, the 
first and second fluids are supplied to the corresponding 
first and second fluid inlets 132 and 152 on a common 
fluid interface of the die assembly 100. FIG. 7 is an ex- 
emplary die adapter assembly 200 for mounting the die 
assembly 100 and for supplying fluids thereto. The die 
adapter assembly 200 includes a die assembly mount- 
ing interface 210 having a first fluid outlet port 212, a 
second fluid outlet port 214, and a control or third fluid 
outlet port 216, which are each coupled by correspond- 
ing conduits to corresponding fluid inlets ports 21 3, 21 5, 
and 217 on a body portion 220 of the adapter 200. In 
another embodiment, the die adapter assembly 200 in- 
cludes a second interface 230 with a first fluid outlet port 
232, a second fluid outlet port 234, and a control or third 



fluid outlet port 236, which are also coupled by corre- 
sponding conduit extensions, not shown, to correspond- 
ing fluid inlets ports 213, 215, and 217 on the body por- 
tion 220 of the adapter 200. The second mounting inter- 

5 face 230 is oriented at an angle relative to the first 
mounting interface 210, which in the exemplary embod- 
iment is a 90 degree angle. 

The die assembly 1 00 is coupled to the adapter 200 
by mounting the die assembly 100 on the mounting in- 

10 terface 21 0 or 230. A sealing member like an o-ring, not 
shown, is disposed in a seat about each of the fluid out- 
lets of the mounting interface 210 and 230 to provide a 
seal between the die assembly 1 00 and the adapter 200. 
The die assembly 1 00 and mounting interfaces 210 and 

15 230 may also include mating alignment tabs to facilitate 
alignment and mounting of the die assembly 100 on the 
adapter 200. In one configuration, the die assembly 1 00 
is mounted between the adapter interface 210 and a cor- 
responding retaining plate 240, which retains the die as- 

20 sembly 100 mounted on the interface. A threaded bolt, 
not shown, is disposed through a central bore 232 of the 
. retaining plate 230, and through a central bore of the die 
assembly 100, and into a threaded bore 222 of the body 
portion 220 of the adapter assembly 200, which permits 

2S ready installation and removal of the die assembly 100 
relative to the adapter assembly 200. A similar retaining 
plate, not shown, is mounted on the unused mounting 
interface to seal the fluid outlet ports thereon. In another 
configuration, not shown, a second die assembly 1 00 is 

30 mounted on the second mounting Interface so that the 
adapter 200 supplies fluids simultaneously to two die as- 
semblies. 

FIG, 3a is a die assembly fluid switching interface 
plate for diverting a single fluid flow to form either the 

35 second fluid flow or the third fluid now as discussed 
above. The fluid flow switching plate includes a first fluid 
inlet 132. a switched fluid inlet 1 90, a primary fluid flow 
path 192 which couples the fluid inlet 1 90 with the third 
fluid inlet 1 72, and a secondary fluid flow path 1 94 which 

40 couples the fluid inlet 1 90 with the second fluid inlet 1 52. 
The primary fluid flow path 192 is a path of least resist- 
ance resulting from an asymmetry between the primary 
path 1 92 and the secondary path 1 94 so that fluid sup- 
plied to the fluid inlet 190 has a tendency to follow the 

45 curved primary fluid flow path 1 92 toward the third fluid 
inlet 172. The fluid from the fluid inlet 190 is diverted 
from the primary path 1 92 to the secondary path 1 94 by 
introducing an obstruction along the primary path 1 92. 
which causes the fluid to flow along the secondary path 

50 1 94 toward the second fluid inlet 1 52. In the exemplary 
embodiment, the obstruction is a control air flow intro- 
duced from a control fluid inlet 193, which urges the 
switched fluid toward the secondary fluid flow path 1 94. 
The plate of FIG. 3a also includes a slot 195 with op- 

55 posing end portions coupled by corresponding ports 1 96 
and 197 in the plate of FIG. 3b to a recess 198 formed 
in the adjacent plates of FIGS. 3c and 3d for fluid pres- 
sure balancing. According to this configuration, the first 
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fluid outlet 21 2, the second fluid outlet 21 4, and the con- 
trol fluid outlet 21 6 of the die assembly adapter 200 are 
coupled, respectively, to the first fluid inlet 132, the 
switched fluid inlet 190, and the control fluid inlet 1 93 of 
the switching plate of FIG. 3a to supply fluid to the die 
assembly 100. 

In one application, the die assembly adapter 200 is 
coupled to an MR-1300 nozzle module available from 
ITW Dynatec, Hendersonville, Tennessee, USA which 
includes a pneumatically actuatable valve for controlling 
the supply of first fluid to the first fluid inlet 213 of the 
die assembly adapter 200. The control air inlet 215 of 
the adapter 200 is coupled to the MR-1 300 valve actu- 
ation air supply to supply control air to the control fluid 
inlet 193 of the die assembly 100, which directs fluid 
from the switched fluid inlet 190 to the fluid inlet 152 of 
the die assembly when the MR-1 300 valve is opened to 
supply first fluid to the first fluid inlet 132 of the die as- 
sembly 100. According tothis configuration, the first fluid 
and the second fluid supplied to the die assembly 100 
are dispensed from the first and second orifices 1 1 0 and 
120 as discussed above. And when the f^R-1 300 valve 
is closed to terminate the first fluid supply, control air to 
the control fluid inlet 1 93 of the die assembly 100 is ter- 
minated, wherein fluid from the switched fluid inlet 1 90 
is directed to the fluid inlet 172 to form the converging 
air flows, which block first fluid from the first orifices as 
discussed above. 

FIG. 3z is a die assembly fluid interface plate use- 
able as an altemative to the die assembly fluid switching 
interface plate in FIG 3a, wherein the fluid inlet 190 of 
the die assembly 100 is coupled directly to the second 
fluid inlet 1 52. and the fluid inlet 1 93 of the die assembly 
100 is coupled directly to the third fluid inlet 172. Accord- 
ing to this configuration, the control air inlet 215 of the 
adapter 200 is coupled to the MR-1300 valve actuation 
air supply to supply a control air to the fluid inlet 1 93 of 
the die assembly 1 00 when the MR-1 300 valve is closed 
to terminate first fluid to the flrst fluid inlet 1 32 of the die 
assembly 100. This dedicated configuration provides 
more responsive residual first fluid flow blocking since 
there is no switching delay required to form the converg- 
ing third fluid flows. The converging third fluid flows of 
the die assembly thus form high pressure zones in the 
presence of, but are unaffected by, the second fluid 
flows, which draw and attenuate the flrst fluid flows. In 
yet another configuration, the fluid supplied to the fluid 
inlet 1 93 is unrelated to the MR-1 300 valve actuation air 
supply to provide still more control over the respective 
fluid flows. 

According to another exemplary application, the 
meltblowing method and apparatus disclosed herein 
dispense meltblown adhesives onto substrates in man- 
ufacturing processes including the production of bodily 
fluid absorbing hygienic articles. According to a config- 
uration for these applications, which is shown in FIG. 7, 
a plurality of at least two adjacent die assemblies 100 
are disposed in corresponding die assembly adapters 
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200 arranged side by side to form a linear array of the 
plurality of corresponding adjacent flrst and second or- 
ifices 110 and 120 of each of the adjacent die assem- 
blies 100. For meltblown adhesive dispensing applica- 
tions, the flrst and second orifices of the die assembly 
have dimensions between approximately 0.001 and 
0.030 inches (0.025 and 0.75 mm) on each side. These 
dimensions are not limiting however, and may be more 
or less for these and other applications. In one configu- 
ration, at least one of the endmost flrst orifices of the 
plurality of adjacent die assemblies has a modified flrst 
fluid flow vacillation to control the edge profile or edge 
definition of meltblown adhesive dispensed from the ar- 
ray of die assemblies according to the aspects and em- 
bodiments of the invention discussed above. In another 
configuration, the plurality of first orifices of the plurality 
of adjacent die assemblies are oriented to produce a 
slightly diverging pluralities of first fluid flows, which pro- 
vide a uniform meltblown adhesive application onto the 
substrates. And in another configuration, at least one or 
more of the plurality of first fluid fiows are at different 
mass flow rates according to one or more configurations 
discussed above. The plates of the die assembly 100 
may be assembled by soldering, brazing, mechanical 
clamping, fusion under high temperture and pressure, 
and adhesive bonding among other means. 



Claims 

1 . A meltblowing method comprising steps of: 

dispensing a first fluid to form a flrst fluid flow 
at a first velocity; 

dispensing a second fluid to form separate sec- 
ond fluid flows at a second velocity greater than 
the first velocity of the first fluid flow; 
non-convergently directing the first fluid fiow 
and the separate second fluid flows with the 
separate second fluid flows directed along sub- 
stantially opposing flanking sides of the first flu- 
id flow, and 

drawing the first fluid flow with the separate 
second fluid flows; 

wherein drawing the first fliud flow attenuates 
the first fluid flow to form a first filament. 

2. The method of Claim 1 further comprising steps of 
controlling a vacillation of the first fluid flow by var- 
ying one of a spacing between the first fluid flow and 
at least one of the separate second fluid flows, by 
varying an amount of at least one of the separate 
second fluid flows, and by varying a velocity of at 
least one of the separate second fluid flows. 

3. The method of claim 1 or 2, further comprising steps 
of: 
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dispensing the first fluid from a first onfice of a 
body member to form the first fluid flow; 
terminating a supply of first fluid dispensed 
from the first orifice; 

generating a high pressure zone proximate an s 
output of the first orifice with converging sepa- 
rate third fluid flows; and 
blocking residual first fluid flow from the first or- 
ifice with the high pressure zone generated 
proximate the output of the first orifice after ter- io 
minating the supply of first fluid. 

The method of Claim 3 further comprising step of 
redirecting the separate second fluid flows to form 
the converging third fluid flows. 

The method of any preceding claim, further com- 
prising steps of: 

dispensing the first fluid from a first orifice of a 20 
body member to form the first fluid flow; 
forming separate first fluid flows from the first 
orifice by dispensing the first fluid through an 
increasingly large diameter of the first orifice 
and drawing the first fluid flow with the separate 2S 
second fluid flows at a second velocity greater 
than the first velocity of the first fluid flow, 
wherein the separate first fluid flows are atten- 
uated to form corresponding separate first fluid 
filaments. 

The method of claims 1-4, further comprising steps 
of: 

dispensing the first fluid from a first orifice of a 35 
body member to form the first fluid flow; 
fomiing separate first fluid flows from the first 
orifice by generating a high pressure zone prox- 
imate an output of the first orifice with converg- 
ing fourth fluid flows and drawing the first fluid 40 
flow with the separate second fluid flows at a 
second velocity greater than the first velocity of 
the first fluid flow, 

wherein the separate first fluid flows are atten- 
uated to form corresponding separate first fluid 
filaments. 

The method of any preceding claim, further com- 
prising steps of directing in parallel the first fluid flow 
and the separate second fluid flows along flanking 50 
sides of the first fluid flow. 

The method of claims 1-6, further comprising steps 
of divergently directing the first fluid flow and the 
separate second fluid flows. 55 

The method of any preceding claim, further com- 
prising steps of: 



dispensing the first fluid to form a plurality of 
first fluid flows at the first velocity; 
dispensing the second fluid to form a plurality 
of second fluid flows at the second velocity, the 
plurality of first fluid flows and the plurality of 
second fluid flows arranged in an alternating 
series so that each of the plurality of flrst fluid 
flows is flanked on substantially opposing sides 
by one of the plurality of second fluid flows; 
drawing the plurality of flrst fluid flows with the 
plurality of second fluid flows at a second ve- 
locity greater than the flrst velocity of the plu- 
rality of flrst fluid flows; and 
directing non-convergently the plurality of flrst 
fluid flows and the plurality of second fluid 
flows. 

wherein plurality of flrst fluid flows are attenu- 
ated to form a plurality of flrst fluid fllaments. 

10. The method of Claim 9 further comprising steps of: 

dispensing the flrst fluid from a plurality of flrst 
orifices of a body member to form the plurality 
of first fluid flows; 

terminating a supply of flrst fluid dispensed 
from the plurality of first orifices; 
generating a high pressure zone proximate an 
output of each of the plurality of first orifices with 
converging third fluid flows; and 
blocking residual flrst fluid flows from the plu- 
rality of flrst orifices with the high pressure zone 
generated proximate the output of each of the 
plurality of flrst orifices after terminating the 
supply of flrst fluid. 

11. The method of claim 9 or 10, further comprising 
steps of: 

dispensing the first fluid from a plurality of flrst 
orifices of a body member to form the plurality 
of first fluid flows; 

forming separate first fluid flows from each of 
the plurality of flrst orifices by dispensing the 
first fluid through an increasingly large diameter 
of each of the plurality of first orifices and draw- 
ing the plurality of first fluid flows with the plu- 
rality of second fluid flows at a second velocity 
greater than the flrst velocity of the plurality first 
fiuid flows, 

wherein the separate first fluid flows are atten- 
uated to form corresponding separate first fluid 
filaments. 

12. The method of claim 9, 10 or 11, further comprising 
steps of: 

dispensing the first fluid from a plurality of flrst 
oriflces of a body member to form the plurality 
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of first fluid flows; 

fonming separate first fluid flows from each of 
the plurality of first orifices by generating a high 
pressure zone proximate an output of each of 
the plurality of first orifices with converging 
fourth fluid flows and drawing the plurality of 
first fluid flows with the plurality of second fluid 
flows at a second velocity greater than the first 
velocity of the plurality of the first fluid flows, 
wherein the separate first fluid flows are atten- 
uated to form corresponding separate first fluid 
filaments. 

13. The method of claims 9 to 12, further comprising 
steps of dispensing the first fluid to form the plurality 
of first fluid flows at the first velocity and at substan- 
tially the same mass flow rate. 

14. The method of claims 9 to 13, further comprising 
steps of controlling a vacillation of at least one of 
the plurality of first fluid flows by varying one of a 
spacing between at least one of the plurality of first 
fluid flows and at least one of the flanking plurality 
of second fluid flows, by varying an amount of at 
least one of the plurality of second fluid flows, and 
by varying a velocity of at least one of the plurality 
of second fluid flows. 

15. The method of claims 9 to 14, further comprising 
steps of controlling an amount of at least one of the 
plurality of first fluid flows by varying one of a cor- 
responding first orifice size and a first fluid pressure 
across a corresponding first orifice. 

16. The method of claims 9 to 15, further comprising 
steps of: 

substantially uniformly distributing the first fluid 
in a first restrictor cavity, the substantially uni- 
fomnly distributed first fluid supplied from a first 
restrictor cavity inlet; 

supplying the substantially uniformly distribut- 
ed first fluid distributed In the first restrictor cav- 
ity from a first restrictor cavity outlet; 
accumulating the substantially uniformly dis- 
tributed first fluid supplied from the first restric- 
tor cavity outlet in a first accumulator cavity; 
supplying the substantially uniformly distribut- 
ed first fluid accumulated in the first accumula- 
tor cavity from a first accumulator cavity outlet; 
and 

dispensing the substantially uniformly distribut- 
ed first fiuid supplied from the first accumulator 
cavity outlet from a plurality of first orifices to 
form the plurality of first fiuid flows at the first 
velocity and substantially the same mass flow 
rate. 
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1 7. The method of C laim 1 6 further comprising steps of: 

substantially uniformly distributing the second 
fiuid in a second restrictor cavity, the substan- 
fially uniformly distributed second fiuid supplied 
from a second restrictor cavity inlet; 
supplying the substantially uniformly distribut- 
ed second fiuid in the second restrictor cavity 
from a second restrictor cavity outlet; 
accumulating the substantially uniformly dis- 
tributed second fiuid supplied from the second 
restrictor cavity outlet in a second accumulator 
cavity; 

supplying the substantially uniformly distribut- 
ed second fluid accumulated in the second ac- 
cumulator cavity from a second accumulator 
cavity outlet; and 

dispensing the substantially uniformly distribut- 
ed second fluid supplied from the second accu- 
mulator cavity outlet from a plurality of second 
orifices to form the plurality of second fiuid flows 
at the second velocity. 

18. A meltblowing apparatus comprising: 

a plurality of first orifices in a body member for 
dispensing a first fiuid and forming a plurality of 
first fiuid fiows; 

a plurality of second orifices in the body mem- 
ber for dispensing a second fluid and forming a 
plurality of second fiuid fiows; 
the plurality of first orifices and the plurality of 
second orifices arranged in an alternating se- 
ries so that each of the plurality of first orifices 
is fianked on substantially opposing sides by 
one of the plurality of second orifices; 
the plurality of first orifices and the plurality of 
second orifices oriented to non-convergently 
direct the plurality of first fiuid flows and the plu- 
rality of second fiuid flows, and 
the plurality of first orifices and the plurality of 
second orifices spaced so that the plurality of 
first fiuid flows at a first velocity are drawable 
from the plurality of first orifices by the plurality 
of second fluid fiows at a second velocity great- 
er than the first velocity, 
wherein drawing the plurality of first fluid flows 
attenuates the plurality of first fluid flows to form 
a plurality of flrst fluid filaments. 

19. The apparatus of Claim 18 further comprising: 

a plurality of third orifices in the body member 
for dispensing a third fluid and forming a plural- 
ity of third fluid flow, 

the plurality of third orifices arranged to con- 
verge the third fluid fiows and generate a high 
pressure zone proximate an output proximate 
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each of the plurality of first orifices, 
wherein the high pressure zone blocks residual 
fluid flow from the corresponding first orifice af- 
ter terminating a supply of first fluid. 



prising an increasing aperture coupled to each of 
the plurality of first offices, wherein the separate first 
fluid flows are formable from each of the plurality of 
first orifices by drawing the plurality of first fluid flows 
with the plurality of second fluid flows at a second 
velocity greater than the first velocity of the plurality 
first fluid flows. 

26. The apparatus of Claim 24, the fourth means com- 
prising a high pressure zone generated proximate 
an output of each of the plurality of first orifices with 
converging fourth fluid flows, wherein the separate 
first fluid flows are formable from each of the plural- 
ity of first orifices by drawing the plurality of first fluid 
flows with the plurality of second fluid flows at a sec- 
ond velocity greater than the first velocity of the plu- 
rality first fluid flows. 



20 

27. The apparatus of Claim 18 further comprising: 

a first restrictor cavity in the body member, the 
first restrictor cavity having a first restrictor cav- 
ity inlet and a first restrictor cavity outlet; 
a first accumulator cavity in the body member, 
the first accumulator cavity having a first accu- 
mulator cavity inlet coupled to the first restrictor 
cavity outlet, and the first accumulator cavity 
having a first accumulator cavity outlet coupled 
to the plurality of first orifices, 
wherein first fluid supplied to the first restrictor 
cavity inlet is substantially uniformly distributed 
to the plurality of first orifices to form the plural- 
ity of first fluid flows at the first velocity and at 
substantially the same mass flow rate, 

28. The apparatus of Claim 27 further comprising: 

a second restrictor cavity in the body member, 
the second restrictor cavity having a second re- 
strictor cavity inlet and a second restrictor cav- 
ity outlet; 

a second accumulator cavity in the body mem- 
ber, the second accumulator cavity having a 
second accumulator cavity inlet coupled to the 
second restrictor cavity outlet, and the second 
accumulator cavity having a second accumula- 
tor cavity outlet coupled to the plurality of sec- 
ond orifices, 

wherein second fluid supplied to the second re- 
strictor cavity inlet is substantially uriiforrrily dis- 
tributed to the plurality of second orifices to 
form the plurality of second fluid flows. 

29. The apparatus of Claim 18. each of the plurality of 
second orifices disposed in a corresponding aper- 
ture of the body member to recess the plurality of 
second orifices in the body member relative to the 
plurality of first orifices. 

30. The apparatus of Claim 18, each of the plurality of 
second orifices disposed in a corresponding in- 
creasing aperture of the body member to recess the 
plurality of second orifices in the body member rel- 
ative to the plurality of first orifices. 

31 . The apparatus of Claim 1 8, further comprising a plu- 
rality of at least two body members arranged adja- 
cently, wherein the altemating series of first orifices 
and second orifices of each body member is aligned 
in series with the alternating series of first orifices 
and second orifices of an adjacent body member 

55 32. The apparatus of Claim 1 8, wherein the body mem- 
ber is a die assembly comprising a plurality of lam- 
inated members. 



20. The apparatus of Claim 18 wherein the plurality of 
first orifices and the plurality of second orifices are 
oriented to direct the plurality of first fluid flows and 
the plurality of second fluid flows in parallel. 

10 

21. The apparatus of Claim 18 wherein the plurality of 
first orifices and the plurality of second orifices ori- 
ented to divergently direct the plurality of first fluid 
flows and the plurality of second fluid flows. 

15 

22. The apparatus of Claim 18 further comprising: 

a first means for substantially uniformly distrib- 
uting first fluid supplied to the plurality of first 
orifices to form the plurality of first fluid flows at 20 
the first velocity and at substantially the same 
mass flow rate; and 

a second means for substantially uniformly dis- 
tributing second fluid supplied to the plurality of 
second orifices to form the plurality of second 2S 
fluid flows at the second velocity. 

23. The apparatus of Claim 22 further comprising a third 
means for generating a high pressure zone proxi- 
mate an output of each of the plu rality of first orifices 30 
with converging third fluid flows, wherein the high 
pressure zone blocks residual fluid flow from the 
corresponding first orifice after terminating a supply 
of first fluid. 

35 

24. The apparatus of Claim 22 further comprising fourth 
means for forming separate first fluid flows from 
each of the plurality of first orifices. 

25. The apparatus of Claim 24, the fourth means com- 



21 EP 0 ^ 

33. The apparatus of Claim 32, the plurality of laminat- 
ed members of the die assembly comprising: 

a first plate having a first restrictor cavity in the 
body member, the first restrictor cavity having 
a first restrictor cavity inlet and a first restrictor 
cavity outlet; 

a second plate having first accumulator cavity 
in the body member, the first accumulator cavity 
having a first accumulator cavity inlet coupled 
to the first restrictor cavity outlet, and the first 
accumulator cavity having a first accumulator 
cavity outlet coupled to the plurality of first ori- 
fices; and 

a third plate having the plurality of first orifices 
and the plurality of second orifices, 
wherein first fluid supplied to the first restrictor 
cavity inlet is substantially uniformly distributed 
to the plurality of first orifices to form the plural- 
ity of first fluid flows at the first velocity and at 
substantially the same mass flow rate. 

34. The apparatus of Claim 33 further comprising: 

a fourth plate having a second restrictor cavity 
in the body member, the second restrictor cav- 
ity having a second restrictor cavity inlet and a 
second restrictor cavity outlet; 
a fifth plate having a second accumulator cavity 
in the body member, the second accumulator 
cavity having a second accumulator cavity inlet 
coupled to the second restrictor cavity outlet, 
and the second accumulator cavity having a 
second accumulator cavity outlet coupled to the 
plurality of second orifices, 
wherein second fluid supplied to the second re- 
strictor cavity inlet is substantially uniformly dis- 
tributed to the plurality of second orifices to 
form the plurality of second fluid flows. 

35. The apparatus of Claim 33. further comprising 

a sixth plate between the first plate and the sec- 
ond plate, the sixth plate having a plurality of 
passages coupling the first restrictor cavity and 
the first accumulator cavity; and 
a seventh plate between the second plate and 
the third plate, the seventh plate having a plu- 
rality of passages coupling the first accumulator 
and the plurality of first orifices, 
wherein the plurality of passages in the sixth 
plate and the plurality of passages in the sev- 
enth plate are dimensioned to substantially uni- 
formly distribute the first fluid supplied from the 
first restrictor cavity to the plurality of first orific- 
es. 

36. The apparatus of Claim 34. further comprising: 
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a eighth plate between the fourth plate and the 
fifth plate, the eighth plate having a plurality of 
passages coupling the second restrictor cavity 
and the second accumulator cavity; and 

5 a ninth plate between the second plate and the 

third plate, the ninth plate having a plurality of 
passages coupling the second accumulator 
cavity and the plurality of second orifices, 
wherein the plurality of passages in the eighth 

TO plate and the plurality of passages in the ninth 

plate are dimensioned to substantially uniform- 
ly distribute second fluid supplied from the sec- 
ond restrictor cavity to the plurality of second 
orifices. 

15 

37. The apparatus of Claim 34, the third plate compris- 
ing: 

a tenth plate having the plurality of first open- 
20 ings and the plurality of second openings; 

an eleventh plate with a plurality of first ports 
coupling the first accumulator cavity to the plu- 
rality of first openings in the tenth plate; and 
a twelfth plate with a plurality of second ports 
25 coupling the second accumulator cavity to the 

plurality of second openings in the tenth plate, 
wherein the tenth plate Is disposed between the 
eleventh plate and the twelfth plate to form the 
plurality of first orifices and the plurality of sec- 
30 ond orifices. 

38. The apparatus of Claim 34 further comprising: 

a thirteenth plate having a third restrictor cavity 
35 coupled to a third fluid inlet; 

a fourteenth plate having a third accumulator 
cavity and a plurality of converging fluid orific- 
es; 

a fifteenth plate between the thirteenth plate 
40 and the fourteenth plate, the fifteenth plate hav- 

ing a plurality of fluid passages coupling the 
third restrictor cavity and the third accumulator 
cavity; 

a sixteenth plate having a cavity coupling the 
45 third accumulator cavity and the plurality of 

converging fluid orifices fourteenth plate; 
a seventeenth plate having a fourth restrictor 
cavity coupled to a fourth fluid inlet; 
an eighteenth plate having a fourth accumula- 
te tor cavity and a plurality of converging fluid or- 
ifices; 

a nineteenth plate between the seventeenth 
plate and the eighteenth plate, the nineteenth 
plate having a plurality of fluid passages cou- 
55 piing the fourth restrictor cavity and the fourth 

accumulatar cavity; and 
a twentieth plate having a cavity coupling the 
fourth accumulator cavity and the plurality of 
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converging fluid orifices of the eighteenth plate, 
wherein third fluid supplied to the third fluid inlet 
and to the fourth fluid inlet is directed to con- 
verge and form a high pressure zone proxinnate 
the plurality of first orifices. s 

39. The apparatus of Claim 38 further comprising a fluid 
interface plate having a first fluid inlet, a second fluid 
inlet and a third fluid inlet, the first fluid inlet of the 
fluid interface plate coupled to the flrst restrictor io 
cavity of the first plate, the second fluid inlet of the 
fluid interface plate coupled to the second restrictor 
cavity of the fourth plate, and the third fluid inlet of 
the fluid interface plate coupled tothe third fluid inlet 

of the thirteenth plate and to the fourth fluid inlet of ^5 
the seventeenth plate. 

40. The apparatus of Claim 39, the fluid interface plate 
is a fluid switching interface plate comprising a com- 
mon fluid inlet coupling the second fluid inlet and 20 
the third fluid inlet, and a control fluid inlet for switch- 
ing fluid supplied to the common fluid inlet between 

the second fluid inlet and the third fluid inlet. 

41 . The apparatus of Claim 39 further comprising a die 2S 
adapter assembly having a first die assembly inter- 
face for mounting a die assembly, the first die as- 
sembly interface having a first fluid supply outlet for 
supplying first fiuid to the first fluid inlet of the fiuid 
interface plate, the first die assembly interface hav- 30 
ing a second fluid supply outlet for supplying second 
fluid to the second fluid inlet of the fluid interface 
plate, and the first die assembly interface having a 
third fluid supply outlet for supplying third fluid to the 
third fluid inlet of the fluid interface plate. 35 

42. The apparatus of Claim 41 comprising a plurality of 
at least two die adapter assemblies arranged adja- 
cently to form a plurality of corresponding adjacent- 
ly arranged die assemblies. 40 

43. The apparatus of Claim 1 8 further comprising a die 
adapter assembly having a first die assembly inter- 
face for mounfing a die assembly, the first die as- 
sembly interface having a first fluid supply outlet for 45 
supplying first fluid to the die assembly, and the first 

die assembly interface having a second fluid supply 
outlet for supplying second fluid to the die assembly. 

44. The apparatus of Claim 43, the die adapter assem- so 
biy having a second die assembly interface for 
mounting a die assembly, the second die assembly 
interface having a first fluid supply outlet for supply- 
ing first fluid to the die assembly, and the second 

die assembly interface having a second fluid supply ss 
outlet for supplying second fluid to the die assembly. 

45. The apparatus of Claim 1 8, further comprising a plu- 
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ralrty of at least two orifice arrays, each orifice array 
formed of a first orifice and two second orifice dis- 
posed on substantially opposing side of the first or- 
ifice, wherein the plurality of orifice arrays are ar- 
ranged in a parallel orientation. 

46. The apparatus of Claim 1 8, further comprising a plu- 
rality of at least two orifice arrays, each orifice array 
formed of a first orifice and two second orifice dis- 
posed on substantially opposing side of the first or- 
ifice, wherein the plurality of orifice arrays are ar- 
ranged in a non-parallel orientation. 

47. The apparatus of Claim 1 8, further comprising a plu- 
rality of at least two orifice arrays, each orifice array 
formed of a first orifice and two second orifice dis- 
posed on substantially opposing side of the first or- 
ifice, wherein the plurality of orifice arrays are ar- 
ranged on separate faces of the body member to 
provide a first fluid flow in three dimensions. 



13 



EP 0 835 952 A1 



FIG. 1 FIG. 2a 




14 



EP 0 835 952 A1 



FIG. 3 a FIG. 3 b 




FIG. 3d FIG. 3c 





15 



EP 0 835 952 A1 



riG.Sh 



nG.5g 




154 




FIG.5i 



FIG. 3 1 



FIG. 5 J 





cr 



ooooooooo 



-;52 
-172 



i56 



» 121 
121 



FIG. 3 k 




IJVWVWVMiAJ 



121 >2' 




n^^^g T21 



16 



EP 0 835 952 A1 



FIG. 3 m 



FIG.3n 





riG.3p 



FIG.30 




"Vl 



T52 
172 





Ml 




FIG.3q 



FIG.3r 



c 




If 



172 



180 




t ^ 

OOOOOoooo 



185 



17 



EP 0 835 952 A1 



FIG.3t 



FIG. 5s 




186 



184 



t ^^=-^ 

ooooooooo 



-788 



FIG. 3z 



152 




18 



I 

EP 0 835 952 A1 



FIGJa FIGJb FIGJc FIGJd FIGAe FIGJf 



100 




19 



EP 0 835 952 A1 




20 



EP 0 835 952 A1 




European Patent EUROPEAN SEARCH REPORT "^^^ 
Office EP 97 30 7932 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catogofy 



Citation of document with bdieation, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLAS3lf=ICAT10N OF THE 
APPUCATION (tntCLfi) 



o 
U 

o 
a 

s 

§ 



2 

UJ 



us 4 826 415 A (MENDE TAKAYUKI) 2 May 1989 



* column 4, line 54 - line 68; claim 1; 
figures 1,11 * 



US 4 380 570 A (SCHWARZ ECKHARD C A) 19 
April 1983 

* abstract; figure 8 * 

US 5 407 619 A (MAEOA HIROSHI ET AL) 18 
April 1995 

* claim 3; figure 7 * 

B A t« 

US 3 888 610 A (BRACKMANN WARREN A ET AL} 
10 June 1975 

* colunm 5, line 33 - line 39; figure 4 * 



The present search report has been drawn up for all daima 



1.2.5,7. 
9.11,13. 
14, 

16-18, 
2G.22, 
24,27-321 



33-47 

1,8,18, 
21 



1.4.18. 
26 



1.18 



D01D4/02 

D01D5/098 

D04H1/56 



TECHNICAL FIELDS 
SEARCHED (tm.CL6] 



DOID 
O04H 



Ptaoe d ■earch 

MUNICH 



Date ot completton ol tho »«4ich 

16 January 1998 



Examiner 

Westermayer, W 



CATEGORY OF CITED DOCUMENTS 

X : ptutiautarty relevant 9 brfien akuie 

Y : partieularty r»lav«nt 9 ooirblrMd wlh another 

dooument of the eemo oategory 
A : technotogical badqreund 
O : non-wntten (fieototure 
P : intermediate dooument 



T : theofY or pnnoiple underi^ng the invention 
E : earlier ptAent dooument. but pubfahed on, or 

after lh« filing dote 
0 : dcKumant cited tn the eppticetion 
L : dooument oited for other reasons 

& : member of the tame patent famiy, oarmsponding 
document 



22 



